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FIG. 1

(57) Abstract: A remote operator console provides point and go navigation of a robotic vehicle. The remote operator console
provides a display for visual representation of the environment in which the robotic vehicle is operating based on sensor information
received from the robotic vehicle. An operator may designate a target point on the display. The robotic vehicle is automatically
navigated toward a location in the environment corresponding to the designated target point.
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POINT AND G O NAVIGATION SYSTEM AND METHOD

FIELD OF THE INVENTION

The present invention relates to navigation control for robotic vehicles.

BACKGROUND OF THE INVENTION AND RELATED ART

Navigating a robotic vehicle remotely through an environment can be quite

challenging due to a number of factors. For example, a complex robotic vehicle typically

has a large number of operator controls available. One control approach is the so-called

replica master mode of operation. The robot is slaved to a replica master, which provides

the same joints as the robot. As the operator manipulates the master, the master

communicates positions of joints to the robot, which attempts to move to the same

position. While replica master mode is handy for some types of robot manipulation (e.g.,

telemanipulation), this type of control can be a tedious way to remotely navigate a semi-

autonomous robot through a varied terrain.

An alternate approach to robotic navigation is to preprogram the robot movements

beforehand. While preprogramming is efficient for some types of robot manipulation

(e.g., manufacturing), this type of control is not particularly suitable when preplanning is

not possible, such as in exploratory operations.

SUMMARY OF THE INVENTION

The present invention includes a method and system for providing point and go

navigation for remote control of a robotic vehicle. In one embodiment, a method of

providing point and go navigation of a robotic vehicle within an environment is provided.

The method can include obtaining sensor information from the robotic vehicle and

displaying a visual representation of the environment on an operator console. The

method can also include designating a target point within the visual representation of the

environment based on operator input, and advancing the robotic vehicle toward a target

location in the environment that corresponds to the target point. Movement of the robotic

vehicle can be based on an automatic navigation response to the designated target point.



BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully apparent from the following

description and appended claims, taken in conjunction with the accompanying drawings.

Understanding that these drawings merely depict exemplary embodiments of the present

invention, they are, therefore, not to be considered limiting of its scope. It will be readily

appreciated that the components of the present invention, as generally described and

illustrated in the figures herein, can be arranged and designed in a wide variety of

different configurations. Nonetheless, the invention will be described and explained with

additional specificity and detail through the use of the accompanying drawings in which:

FIG. 1 illustrates a schematic illustration of a system for providing point and go

navigation of a robotic vehicle according to an exemplary embodiment of the present

invention;

FIG. 2 illustrates a block diagram of a remote operator console for point and go

navigation in accordance with an embodiment of the present invention; and

FIG. 3 illustrates a flow chart of a method of providing point and go navigation

for remote control of a robotic vehicle in accordance with another embodiment of the

present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

The following detailed description of exemplary embodiments of the invention

makes reference to the accompanying drawings, which form a part hereof and in which

are shown, by way of illustration, exemplary embodiments in which the invention may be

practiced. While these exemplary embodiments are described in sufficient detail to

enable those skilled in the art practice the invention, it should be understood that other

embodiments may be realized and that various changes to the invention may be made

without departing from the spirit and scope of the present invention. Thus, the following

more detailed description of the embodiments of the present invention is not intended to

limit the scope of the invention, as claimed, but is presented for purposes of illustration

only and not limitation to describe the features and characteristics of the present

invention, and to sufficiently enable one skilled in the art to practice the invention.

Accordingly, the scope of the present invention is to be defined solely by the appended

claims.



The following detailed description and exemplary embodiments of the invention

will be best understood by reference to the accompanying drawings, wherein the elements

and features of the invention are designated by numerals throughout.

With reference to FIG. 1, shown is an illustration of a system for providing point

and go navigation of a robotic vehicle according to a first exemplary embodiment of the

present invention. Specifically, FIG. 1 illustrates the system 10 as including a robotic

vehicle 12 and a remote operator console 14. The remote operator console is in b i

directional communication with the robotic vehicle via a communications link 16. The

communication link can be, for example, a wireless radio frequency link, a free space

optical link, a free space ultrasonic link, a wired link, a fiber optic link, or a combination

thereof. The communication link may also include one or more relay nodes (not shown),

for example, to extend the range for communication between the remote operator console

and the robotic vehicle. The relay node may be mounted on a second robotic vehicle.

The robotic vehicle 12 includes at least one environmental sensor 18, such as a

camera, a stereo camera, a sound sensor, an electromagnetic sensor, a chemical sensor, a

radar, a lidar, a range finder, a scanning range finder, a sonar, a contact sensor, a sniff

sensor, a Global Positioning System (GPS) receiver, an inertial measurement unit, an

orientation sensor, or a combination thereof. The sensor allows the robotic vehicle to

obtain information regarding the environment in which it is operating. The robotic

vehicle transmits sensor information to the remote operator console 14 via the

communication link 16.

The remote operator console 14 includes a display 20 to display a visual

representation of the environment based on sensor information received from the robotic

vehicle 12. The remote operator console includes an operator input function for defining

a target point on the visual representation. The operator input function can be, for

example, a touch screen integrated with the display. As another example, the operator

input function can be buttons 23 or similar controls on the remote operator console.

Navigational commands are transmitted from the remote operator console to the robotic

vehicle via the communication link 16 to control movement of the robotic vehicle.

An exemplary embodiment of the operator console 14 is shown in further detail in

FIG. 2. The operator console includes a receiver 22 for receiving sensor data from the

robotic vehicle 12 (FIG. 1). The sensor data is provided to the display 20. The operator

console also includes an operator input function 2 1 to allow designation of a target point.



For example, the display can include a touch sensitive screen that allows the operator to

designate a target point by touching the display. As another example, the remote operator

console can include a keyboard, cursor controls, or other operator input device. For

example, an electronic cursor may be moved on the display to designate a target point.

As another example, an operator may enter coordinates using a keyboard.

The designated target point on the display 20 corresponds to a target location

within the environment in which the robotic vehicle 12 is operating. For example,

consider an example where the environment includes a yellow fire hydrant. The yellow

fire hydrant may be designated as the target location by touching the portion of the image

corresponding to the yellow fire hydrant on the display.

The remote operator console 14 may transmit navigation commands to the robotic

vehicle 12 using the transmitter 24 to cause the robotic vehicle to advance toward the

designated target location. Navigation of the robotic vehicle 12 toward the designated

target location can be performed in various ways. In one example, coordinates

corresponding to the designated target location can be transmitted to the robotic vehicle.

The coordinates may be defined relative to the position on the display, and translated into

an actual location within the environment by the robotic vehicle. Alternately, the

coordinates may be defined relative to references points within the environment or other

reference datum and coordinate translation provided by the remote operator console.

Absolute coordinates may be defined, for example, by combining the displayed sensor

data with external information such as maps, GPS position fixes, or the like. The display

may also be augmented with additional environmental information obtained

independently of the robotic vehicle, such as, for example, an electronic map,

environmental sensors, or sensor information from a second robotic vehicle operating

within the environment. For example, a second environmental sensor can be mounted on

a second robotic vehicle. The second environmental sensor may include, for example, a

camera, a stereo camera, a sound sensor, an electromagnetic sensor, a chemical sensor, a

radar, a lidar, a range finder, a scanning range finder, a sonar, a contact sensor, a sniff

sensor, a Global Positioning System (GPS) receiver, or a combination thereof. The target

location may be designated using an operator-defined displacement from the target point.

For example, the fire hydrant may be designated using the touch screen and additional

operator input provided to specify that the target location is 10 feet to the left of the fire

hydrant.



Navigation commands to the robotic vehicle may alternately include a series of

movement commands. For example, the remote operator console may include processing

to determine a route toward the target point, and then transmit incremental movement

commands to the robotic vehicle to navigate toward the target point. Various degrees of

sophistication are possible for the automatic navigation. For example, one relatively

straightforward automatic navigation approach is to turn the vehicle in a direction

corresponding to the designated target and move forward in that direction. As another

example, the display may include processing to automatically determine a planned route

from a current position of the robotic vehicle toward the target location. Processing may

include object identification using image-processing techniques to allow obstacles within

the environment to be identified and avoided. The environmental sensor may include

range finding, allowing for improved obstacle identification and navigation.

Alternately, operator input can identify a target path, for example, by tracing a

curve on the touch sensitive screen to define the target path. The robotic vehicle can then

be automatically navigated to follow a travel path in the environment correlated with the

target path.

As the robotic vehicle moves through the environment, the display can be updated

as new sensor data is received. If desired, the target point may be re-designated by the

operator. For example, navigation may be controlled incrementally, designating a target

point, navigating the robotic vehicle toward the target point, and re-designating the target

point as the robotic vehicle moves.

As mentioned above, some robotic vehicles are capable of multiple movement

modes. For example, commonly owned co-pending U.S. Provisional Patent Application

Serial No. 60/858,917, filed November 13, 2006, and entitled "Serpentine Robotic

Crawler," describes one exemplary unmanned ground robotic vehicle having multiple

movement modes that may be used in embodiments of the present invention and is

incorporated herein by reference. In addition to identifying a target path on the operator

console, the operator may also identify transition points on the target path where a

movement move or other behavior of the robotic vehicle is to change. When the robotic

vehicle reaches the point in the environment corresponding to the transition point, robotic

vehicle may change from a first mode of operation to a second mode of operation.

For example, the robotic vehicle describe above includes a stair climbing mode, a

tank configuration for movement on a relatively flat surface, and an inside surface



climbing mode. A desired path may include movement across a floor area, up a set of

stairs, and into a vent duct. Transition points may be designated at the beginning of the

stairs, the top of the stairs, and the entry to vent duct. The robotic vehicle may then

switch between appropriate movement modes as each different area is entered.

As another example, the robotic vehicle mode of operation may be adjusted

automatically based on characteristics of the environment obtained from the sensor

information. For example, image recognition software may recognize certain types of

obstacles and movement mode changed automatically.

FIG. 3 illustrates a method of providing point and go navigation. The method 30

includes obtaining 32-sensor information describing an environment in which the robotic

vehicle is operating. For example, sensor information may be obtained using sensors

mounted on the robotic vehicle as described above. The method also includes

communicating 34 the sensor information to a remotely located operator console. For

example, a communication link as described above can be used. The method also

includes displaying 36 a visual representation of the environment on the operator console,

the visual representation being based on the sensor information. The method also

includes 38 designating a target point within the visual representation based on operator

input. For example, operator input may be via a touch screen or other input device as

described above. The method also includes advancing 40 the robotic vehicle toward a

target location in the environment corresponding to the target point. Advancing the

robotic vehicle can be based on an automatic navigation response to the designated target

point, for example as described above.

Summarizing and reiterating to some extent, point and go navigation in

accordance with embodiments of the present invention can ease the difficulty of

controlling a robotic vehicle. An operator can point to a desired target point on a display

screen and the robotic vehicle will automatically go to the designated location.

Processing within either the remote operator console or the robotic vehicle can translate a

designated target point or path into navigational commands for the robotic vehicle. Thus,

the operator is freed from having to specify every detailed movement of the robotic

vehicle. If desired, transition points can be designated, and robotic vehicle operation

mode changed at the transition points. Applications of such a navigation technique may

include search and rescue, military operations, and industrial operations.



The foregoing detailed description describes the invention with reference to

specific exemplary embodiments. However, it will be appreciated that various

modifications and changes can be made without departing from the scope of the present

invention as set forth in the appended claims. The detailed description and accompanying

drawings are to be regarded as merely illustrative, rather than as restrictive, and all such

modifications or changes, if any, are intended to fall within the scope of the present

invention as described and set forth herein.

More specifically, while illustrative exemplary embodiments of the invention have

been described herein, the present invention is not limited to these embodiments, but

includes any and all embodiments having modifications, omissions, combinations (e.g., of

aspects across various embodiments), adaptations and/or alterations as would be

appreciated by those in the art based on the foregoing detailed description. The

limitations in the claims are to be interpreted broadly based the language employed in the

claims and not limited to examples described in the foregoing detailed description or

during the prosecution of the application, which examples are to be construed as non¬

exclusive. For example, in the present disclosure, the term "preferably" is non-exclusive

where it is intended to mean "preferably, but not limited to." Any steps recited in any

method or process claims may be executed in any order and are not limited to the order

presented in the claims. Means-plus-function or step-plus- function limitations will only

be employed where for a specific claim limitation all of the following conditions are

present: a) "means for" or "step for" is expressly recited in that limitation; b) a

corresponding function is expressly recited in that limitation; and c) structure, material or

acts that support that function are described within the specification. Accordingly, the

scope of the invention should be determined solely by the appended claims and their legal

equivalents, rather than by the descriptions and examples given above.



CLAIMS

What is claimed is:

1. A method of providing point and go navigation for remote control of an

unmanned robotic vehicle, comprising:

Obtaining sensor information describing an environment in which the unmanned

robotic vehicle is operating;

Communicating the sensor information to a remotely located operator console;

Displaying a visual representation of the environment on the operator console

based on the sensor information;

Designating a target point within the visual representation based on operator

input; and

Advancing the unmanned robotic vehicle toward a target location in the

environment corresponding to the target point based on an automatic

navigation response to the designated target point.

2. The method of claim 1, wherein the target location is defined as an

operator-defined displacement from a point in the environment corresponding to the

target point.

3. The method of claim 1, further comprising:

Updating the visual representation of the environment on the operator console as

the unmanned robotic vehicle moves through the environment; and

Re-designating the target point within the updated visual representation based on

additional operator input.

4. The method of claim 1, wherein advancing the unmanned robotic vehicle

comprises automatically determining a planned route from a current unmanned robotic

vehicle position to the target location.

5. The method of claim 4, further comprising displaying a visual

representation of the planned route on the operator console.



6. The method of claim 5, further comprising modifying the planned route

based on operator input.

7. The method of claim 1, further comprising:

Identifying a target path within the visual representation based on the operator

input; and

Automatically navigating the unmanned robotic vehicle to follow a travel path in

the environment correlated with the target path.

8. The method of claim 7, further comprising:

Designating a transition point on the target path based on the operator input; and

Adjusting unmanned robotic vehicle behavior from a first mode of operation to a

second mode of operation at a point in the environment corresponding to

the transition point.

9. The method of claim 1, wherein designating the target point comprises

touching the operator console at the target point on the visual representation of the

environment.

10. The method of claim 1, wherein designating the target point comprises

placing an electronic cursor at the target point on the visual representation of the

environment.

11. The method of claim 1, wherein the target point is defined by entering

coordinates into the operator console.

12. The method of claim 1, further comprising augmenting the visual

representation of the environment using additional environmental information obtained

independently of the unmanned robotic vehicle.

13. The method claim 12, wherein the additional environmental information is

obtained from an electronic map.



14. The method claim 12, wherein the additional environmental information is

obtained from a second environmental sensor.

15. The method claim 12, wherein the additional environmental information is

obtained from a GPS receiver.

16. The method of claim 14, wherein the second environmental sensor is

mounted on a second unmanned robotic vehicle.

17. The method of claim 1, further comprising:

Identifying a characteristic of the environment from the sensor information; and

Modifying unmanned robotic vehicle behavior based on the characteristic.

18. A system for providing point and go navigation of an unmanned robotic

vehicle, the system comprising:

a) An unmanned robotic vehicle having an environmental sensor and a transmitter

and receiver unit, and being capable of controlled movement within an

environment; and

b) A remote operator console in bi-directional communication with the unmanned

robotic vehicle, the remote operator console comprising:

i) A receiver for receiving sensor information from the unmanned robotic

vehicle;

ii) A display for displaying a visual representation of the environment

based on the sensor information received from the environmental

sensor;

iii) An operator input function for defining a target point on the visual

representation, and

iv) A transmitter for transmitting navigational commands to the unmanned

robotic vehicle based on the target point.

19. The system of claim 18, wherein the navigational commands comprise

target point coordinates.



20. The system of claim 19, wherein the target point coordinates are defined

relative to the visual representation.

2 1. The system of claim 18, wherein the navigational commands comprise a

series of movement commands.

22. The system of claim 18, wherein the environmental sensor is chosen from

the group consisting of a camera, a stereo camera, a sound sensor, an electromagnetic

sensor, a chemical sensor, a radar, a lidar, a range finder, a scanning range finder, a sonar,

a contact sensor, a sniff sensor, a GPS receiver, an inertial measurement unit, an

orientation sensor, and combinations thereof.

23. The system of claim 18, wherein the display and operator input are

provided by a touch screen.

24. The system of claim 18, further comprising a communication link between

the unmanned robotic vehicle and the remote operator console.

25. The system of claim 24, wherein the communication link is selected from

the group consisting of a wireless radio frequency link, a free space optical link, a free

space ultrasonic link, a wired link, a fiber optic link, and combinations thereof.

26. The system of claim 25, wherein the communication link further

comprises at least one relay node.
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